Polyaspartic acid functionalized gold nanoparticles for tumor targeted doxorubicin delivery.
In this paper, we present polyaspartic acid, a biodegradable polymer as a reducing and functionalizing agent for the synthesis of doxorubicin loaded gold nanoparticles by a green process. Gold nanoparticles were stable to electrolytes and pH. Secondary amino groups of polyaspartic acid enabled reduction of gold chloride to form gold nanoparticles of size 55 +/-10 nm, with face centered cubic crystalline structure as confirmed by UV, TEM, SAED and XRD studies. Cationic doxorubicin was readily loaded onto anionic polyaspartic acid gold nanoparticles by ionic complexation. Fluorescence studies confirmed doxorubicin loading while FTIR spectra confirmed ionic complexation. Doxorubicin loading onto polyaspartic acid gold nanoparticles was studied at doxorubicin/polyaspartic acid molar ratios 1:10 to 1:1. As the molar ratio tended to unity, although loading up to 60% was achieved, colloidal instability resulted and is attributed to effective covering of negative charges of polyaspartic acid. Stable doxorubicin loaded polyaspartic acid gold nanoparticles of 105 +/- 15.1 nm with doxorubicin loading of 23.85% w/w and zeta potential value of -28 +/- 0.77 mV were obtained at doxorubicin/polyaspartic acid molar ratio 1:10. Higher doxorubicin release rate from the doxorubicin loaded polyaspartic acid gold nanoparticles in an acid medium (i.e., pH 5.5) as compared to that in pH 7.4 and deionized water is a desirable characteristic for tumor targeted delivery. Enhanced cytotoxicity and 3 fold higher uptake of doxorubicin loaded polyaspartic acid gold nanoparticles as compared to doxorubicin solution were seen in MCF-7 breast cancer cells while polyaspartic acid gold nanoparticles revealed no cytotoxicity confirming safety. Prominent regression in tumor size in-vivo in fibrosarcoma tumor induced mouse model was observed upto 59 days with doxorubicin loaded polyaspartic acid gold nanoparticles while doxorubicin solution treated mice showed regrowth beyond 23rd day. Moreover, a decrease of body weight of 35% indicating severe toxicity with doxorubicin solution as compared to only 20% with gradual recovery after day 30 in case of doxorubicin loaded polyaspartic acid gold nanoparticles confirmed their lower toxicity and enhanced efficacy.